Fatty acid monooxygenation by cytochrome P-450BM-3.
Cytochrome P-450BM-3 is a catalytically self-sufficient enzyme which monooxygenates saturated and unsaturated fatty acids, alcohols, and amides. The protein has two domains: one which contains heme and is P-450-like and the other which contains FAD and FMN and is P-450 reductase-like. Both domains are on a single polypeptide chain. Utilizing a plasmid containing the gene encoding P-450BM-3, we have transformed the Escherichia coli strain DH5 alpha. This clone overexpresses P-450BM-3 to make approximately 20% of the soluble protein of this organism under optimal conditions. P-450BM-3 can be purified to homogeneity from the soluble fraction of the protein of these cells with a recovery of 50% making this cell line an excellent source of this important enzyme. Purified preparations of P-450BM-3 hydroxylate palmitic acid at a rate of 1600 mol/min/mol of heme at 25 degrees C. The stoichiometry of NADPH to oxygen utilized was 1 for all conditions; however, the ratio of oxygen or NADPH utilized per molecule of fatty acid substrate metabolized was different for different homologs of saturated fatty acids, when low concentrations (less than 100 microM) of substrate were used. Lauric and myristic acids were metabolized to two hydroxylated products, irrespective of the initial concentration of fatty acid in the reaction mixture, and the ratio of oxygen consumed to fatty acid hydroxylated was 1. High concentrations of palmitic acid (greater than 200 microM) led to the formation of three polar metabolites and a stoichiometry of 1:1 was observed for oxygen and palmitic acid utilization. These results indicate that a single hydroxyl group was inserted into each of these molecules. Lower concentrations (less than 50 microM) of palmitic acid were metabolized to additional polar metabolites, and the ratio of oxygen consumed to fatty acid substrate consumed approximated 3:1. These results can be explained best by a hypothesis that the initial hydroxylated compounds, which accumulate during the oxidation of palmitic acid by P-450BM-3, can be further oxidized by this enzyme to polyhydroxy- or hydroxy-ketone products.